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SEMICONDUCTOR DEVICE HAVING TUNGSTEN 
PLUGS 

This application is a continuation-in-part of applica 
tion Ser. No. 101,037, ?led on Sept. 25, 1987, now aban 
doned. 

TECHNICAL FIELD 

This invention relates to the ?eld of semiconductor 
devices having windows, i.e., vias, in dielectrics that are 
?lled with a metal to form a plug having an essentially 
planar surface with the surface of the dielectric. 

BACKGROUND OF THE INVENTION 

As semiconductor integrated circuits continue to 
increase their packing densities by containing more 
devices with ever smaller dimensions, the problems 
involved in their fabrication, including electrically con 
tacting individual devices, become more severe. 

Electrical contacts are typically made by patterning a 
dielectric to form windows which expose selected por 
tions of the substrate. The windows are ?lled with a 
metal to form the contact to the underlying substrate. 
Aluminum, the metal most commonly used in inte 
grated circuits, is not easily used to ?ll small windows 
because of its poor step coverage. Alternatively, a blan 
ket deposition of another metal, e.g., tungsten, which 
does have good step coverage may be used. The excess 
metal present on the dielectric surface is removed by 
etching to leave, in theory, a planar surface formed by 
the dielectric and the metal. 
However, in practice, problems arise because the 

thickness of the deposited tungsten layer is frequently 
not uniform across the wafer. If the etching step clears 
the dielectric of tungsten on the thicker side, the mug 
sten' in the windows will be severely etched on the 
thinner side. If the etching just clears the dielectric on 
the thinner side, the dielectric will not be cleared of 
tungsten on the thicker side. In neither case will the 
tungsten and the dielectric form a planar surface. Alter~ 
natively, tungsten may be deposited selectively in the 
windows. However, tungsten is almost invariably de 
posited, at least to a limited extent, on the dielectric as 
well. This is, of course, undesirable. 

Planar surfaces are desirable because they facilitate 
subsequent processing. For example, one approach to 
the problem of electrically contacting the devices sim 
pli?es the problem by putting electrical leads on several 
levels rather than the one level more commonly used at 
present in integrated circuits. Such an approach simpli 
?es the geometric problems involved in contacting all 
devices which arise with a single level metal approach. 
However, the multi-level approach requires the forma~ 
tion of electrical contacts between different metal lev 
els. The problems are similar to those which arise in 
forming contacts to individual devices. Ultimately, of 
course, the hope is for circuits with metals on more than 
two levels as this may allow still more devices per unit 
area. 

SUMMARY OF THE INVENTION 

A semiconductor integrated circuit having a metalli 
zation is fabricated by depositing a dielectric layer on a 
substrate and patterning the layer to form vias, i.e., 
windows, which expose selected portions of the sub 
strate. A buffer layer, which may be deposited either 
before or after the dielectric layer is patterned, is depos 
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2 
ited. The desired contact material is blanket deposited 
and etched to form a plug with an essentially planar 
surface. Both the contact material and the material 
forming the buffer layer are selected so that once the 
buffer layer is exposed to the etchant, typically a 
plasma, the etching of the contact material essentially 
stops at the top of the windows. That is, when a portion 
of the buffer layer is exposed, the etching species prefer 
entially reacts with the exposed buffer layer and leaves 
the contact material, e.g., tungsten, in the windows 
essentially unetched. Continued exposure of the unre 
acted surface of the buffer layer is ensured by perform 
ing a simultaneous sputter cleaning. Thus, all of the 
contact material deposited on the dielectric may be 
easily removed while, because of the presence of the 
buffer layer, no signi?cant etching of the contact metal 
within the via occurs. A substantially planar surface 
across the resulting plug and dielectric layer is obtained. 
In a preferred embodiment, the contact material is tung 
sten and is deposited by chemical vapor deposition. An 
exemplary material for the buffer layer is aluminum. 
The method can be repeated more than once if two or 

more metal levels are desired. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic diagram of one structure useful 
in describing the method of the invention; 
FIG. 2 is a schematic representation of the structure 

after etching; and 
FIG. 3 is a schematic representation of another struc 

ture according to this invention. 
FIG. 4 is a graphic omparison of the contact material 

etch rates for a conventional structure and a structure 
including the buffer layer as disclosed by this invention. 
For reasons of clarity, the elements depicted are not 

drawn to scale. - 

DETAILED DESCRIPTION 

The method of this invention will ?rst be explained 
by reference to FIG. 1 after which several other exem 
plary structures will be described. Other variations and 
embodiments will then be apparent to those skilled in 
the art. Shown in FIG. 1 are substrate 1, dielectric layer 
3, buffer layer 5, and contact layer 7. There is a plurality 
of windows 9 in dielectric layer 3 and buffer layer 5. As 
can be seen, the windows have been ?lled with the 
contact layer material. The windows, i.e., vias, extend 
through the dielectric layer and expose selected por 
tions of the substrate. 
The term substrate is used to' mean any material un 

derlying the dielectric. The substrate material may be 
Si, Al, etc. and it may comprise device regions such as 
sources, drains, etc. The dielectric layer comprises any 
typical and well-known dielectric material such as SiOz 
or BPTEOS. The buffer layer comprises materials such 
as Al, Ti, Ta, Si3N4, TiN, PSG, etc. The materials are 
conveniently deposited by, for example, sputtering. 
To obtain the structure depicted, both the dielectric 

layer 3 and buffer layer 5 are deposited and then simul 
taneously patterned to form windows extending 
through to the substrate. Standard techniques, well 
known to those skilled in the art, are used. The buffer 
layer is relatively thin, typically 150-300 nm thick, 
where it has been determined that the thickness of the 
buffer layer affects the tungsten etching results. In par 
ticular, the amount of tungsten which is removed in the 
window areas has been found to increase with decreas— 
ing thickness of the buffer layer, for example, a 100 nm 
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thick layer results in etching away approximately half 
of the tungsten deposited in the window, while a 300 nm 
thick layer effectively leaves a complete ?ll of tungsten 
in the window area. Returning to the description of the 
process, the contact material is then deposited, again 
using well known techniques, to form layer 7. A plasma 
etch, is now used to remove the contact layer. The 
choice of the buffer layer material is dictated by the 
requirement that there exist an etch which preferen 
tially reacts with the buffer layer material as compared 
to the dielectric or the contact material. For example, 
the contact and buffer layer materials are tungsten and 
aluminum in a preferred embodiment. The contact layer 
is etched until portions of the buffer layer are exposed. 
However, once the buffer layer is exposed to the etch 
ing plasma, the etching rate of the contact material in 
the windows is reduced signi?cantly. For example, if 
the plasma uses SiF4, then the etching species, F— , 
favors reactions with the exposed buffer layer, Al, and 
leaves the contact material, W, unattacked. In particu 
lar, the etching species combines with the buffer mate 
rial to form nonvolatile ?uorides. This ?uorination pro 
cess decreases the amount of free ?uorine which is 
available and, hence, effectively decreases the the win 
dow etch rate by active species depletion. Continued 
exposure of unfluorinated buffer material is required to 
prevent the plasma from again etching the contact ma 
terial in the window areas. This exposure is ensured in 
accordance with the present invention by simulta 
neously sputter cleaning the buffer layer with an inert 
ion source (e.g., argon). Therefore, signi?cant etching 
of the material in the window does not occur. Finally, 
any remaining buffer layer material is stripped using 
either a wet or a dry chemical etch. Etches using HCl 
are suitable. Any etch residue remaining on the buffer 
layer surface is also removed by this chemical etch step. 
The structure is depicted in FIG. 2. An essentially pla 
nar surface is formed by the dielectric and the contact 
material due to the thinness of the buffer layer. 

Alternatively, the dielectric layer may be patterned, 
and then both the buffer and contact materials depos 
ited, The thinness of the aluminum deposition on the 
walls of the windows is an asset in this approach. 
The materials choice described can result in a ?ll 

factor for the plug which is greater than 80 percent. 
It will be readily appreciated that the process de 

scribed above with respect to FIGS. 1 and 2 can be 
readily extended to complicated multilevel metalliza 
tions including headless metal patterns, as the described 
process may be repeated. 
An exemplary structure is depicted in FIG. 3. In 

addition to the elements previously depicted and de 
scribed, there are source and drain regions, 11 and 13, 
respectively, ?eld oxides 15, and a gate electrode 17. 
Two levels of metallization 19 are depicted. 
FIG. 4 summarizes, in the form of a graph, the im 

provement in window planarization when a buffer layer 
is utilized in accordance with the teachings of the pres 
ent invention. The graph on the left-hand side of FIG. 4 
depicts an exemplary etching of a tungsten contact 
material ?lm on a structure which does not include a 
layer of buffer material. As indicated, the thickness of 
the CVD tungsten ?lm varies from a minimum of ap 
proximately l.4 pm to a maximum of 1.6 pm across the 
surface of the wafer, with an average thickness of 1.5 
pm. After approximately seven minutes of plasma etch 
ing, the thinner portions of the tungsten ?lm will be 
completely removed, as indicated by the letter A of the 
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4 
dashed line etch rate curve in FIG. 4. The plasma will 
then etch the exposed tungsten in the window areas, 
which as discussed above will etch more rapidly due to 
micro-loading effects. This resulting signi?cant acceler 
ation of the etch rate within the exposed windows in 
this area is indicated by portion B of the dashed line 
etch rate curve. 

In order for the thickest portions of the tungsten ?lm 
to be removed, the plasma etch process must continue 
for at least another two minutes, as indicted by the 
dotted line etch rate curve associated with the maxi 
mum tungsten thickness. During this two minute per 
iod, the accelerated etch of the tungsten within the 
exposed window areas continues at its accelerated pace 
as indicated by the dashed line B, as well as the solid line 
C associated with the wafer region having an average 
thickness of deposited tungsten. In particular, the tung~ 
sten in the windows in the region with the thinnest 
initial tungsten ?lm deposit will be etched to approxi 
mately 700 nm below the top of the window, with the 
windows associated with the average tungsten thick 
ness etched to approximately 350 nm. Thus, the tung 
sten contacts formed in a number of these window areas 
will be essentially removed, with a number of remaining 
windows only half-?lled. This non-uniformity in tung 
sten ?lling is the problem solved by adding the buffer 
layer in accordance with the practice of the present 
invention. 
The three etch rate plots on the right-hand side of 

FIG. 4 are associated with an exemplary structure 
formed in accordance with the present invention, in 
cluding a 300 nm aluminum buffer layer and a tungsten 
contact layer. As with the plots described above, the 
dashed line is associated with the etch rate for the thin 
nest tungsten ?lm, the solid line with the average thick 
ness of deposited tungsten, and the dotted line associ 
ated with the thickest portion of the tungsten ?lm de 
posit. As discussed above, the variation in thickness is 
approximately 200 nm, from a minimum of 1.4 ttm to a 
maximum of 1.6 pm. 
The initial portion of the plasma etching of the struc 

ture including the buffer layer is identical to that de 
scribed above. That is, after approximately seven min 
utes of etching, the thinnest portions of' the tungsten 
?lm will be completely removed. It is to be noted that 
the tungsten/ aluminum interface is de?ned as the 0 urn 
level, water surface, with the substrate surface being a 
distance D below this 0 pm level, D being de?ned as the 
thickness .of the buffer layer (300 nm in this particular 
case). 

Returning to the graph, once the underlying alumi 
num buffer layer is exposed under the thinnest portion 
of the tungsten ?lm, it is seen that the etch rate of the 
tungsten in the exposed window areas decreases signi? 
cantly, as indicated by portion D of the dashed line etch 
rate curve. This decrease, as discussed above, is attrib 
uted to the formation of non-volatile AlF3 on the sur 
face of the aluminum buffer layer. The formation of this 
compound decreases the amount of free fluorine which 
is available and, hence, the tungsten etch rate. As stated 
above, a sputter cleaning with an inert material, such as 
argon, must be performed simultaneously with the 
plasma etch to replenish the supply of fresh aluminum 
available for reaction with the F- etching species. 
As seen by reference to FIG. 4, if the plasma etching 

is continued for another four minutes (ten minutes total 
etching) to remove all of the tungsten from the thickest 
areas, at most 80 nm of tungsten will be etched from the 
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exposed window areas. This represents approximately 
an order of magnitude improvement when compared 
with the conventional procedure where approximately 
700 nm of tungsten was etched from the window areas 
after only an eight minute etch. 
As mentioned above, materials other than aluminum 

may be used as the buffer layer. For example, titanium 
is another common choice. In particular, titanium pro 
vides an enhanced ?uorine getter medium, forming 
both volatile and non-volatile titanium ?uorides. As 
with the aluminum buffer layer, argon sputtering of the 
non-volatile component is required to replenish the 
supply of unreacted titanium. An advantage of using 
titanium instead of aluminum is that any titanium mate 
rial remaining at the completion of the plasma etch may 
be removed in-situ, as compared with the wet chemical 
etch required for the aluminum buffer layer. 
What is claimed is: 
1. A method of making asemiconductor integrated 

circuit having a metalization comprising the steps of: 
depositing a dielectric layer on a substrate; 
patterning said dielectric layer to form windows in 

selected areas above said substrate; 
depositing a buffer layer over said dielectric layer; 
blanket depositing a contact layer so as to completely 

cover said buffer layer and at least ?ll said win 
dows formed by the patterning, said contact layer 
being of a different material than said buffer layer; 
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plasma-etching said contact layer and underlying 
buffer layer with a ?uorine-based etch which pref 
erentially forms non-volatile ?uoride compounds 
with said buffer layer as compared to reacting with 
said contact layer; and 

simultaneously with the precedingv step, sputtering 
said buffer layer to remove ?uoride compounds 
and expose unreacted buffer material, the simulta 
neous plasma-etching and sputtering operations 
continuing until essentially all of the contact layer 
outside of the windows is removed. 

2. A method as recited in claim 1 in which said 
contact layer comprises tungsten. 

3. A method as recited in claim 2 in which said buffer 
layer comprises at least one material selected from the 
group consisting of aluminum, titanium, tantalum, sili 
con nitride, titanium nitride and PSG. 

4. A method as recited in claim 3 in which said at least 
one material comprises aluminum. 

5. A method as recited in claim 1 in which said buffer 
layer is deposited before said patterning step is per 
formed such that both the dielectric layer and buffer 
layer are patterned. 

6. A method as recited in claim 3 in which said at least 
one material comprises titanium. 

7. A method as recited in claim 1 in which the buffer 
material is deposited to a thickness in the range of ap 
proximately 150-300 nm. 


